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INVENTION DESCIUPnON 
Describe the invention completely, using the outline given below. 



expressing these transporter vnTmG^l F ^do^^^ ^^"^J ^ P^^^' incubation of ceU lines 

molecular weight of ^etr^^^^XLr^et^ 

subtypes leads to a decrease in sodiim-depend^Blute^Sr^in^frl '^^-^^P'^ession with transporter 

number of CMS BoS dbSs a^ oi^A^? T° " «^S=nt in the treataent of a large 

such as epilepsy, ^ok^. ^T^d^ tb^^°^^ZSlT^T'^ ' T'"^ -^losf^^ '^"'rd^ 
lateral scIerosisVParkinson's^seLe SB^S^n U h™^^ disorders sueh as Alzheimer's disease, amyohophi 

inslvingacu,c'a5SZScntr^m~"4'ZSS?SM:^l^^ 

disease. — ^^i^ mjuiy, psycmatnc disorders such as s^ophreaia, cancer, renal 



2. Problem Solved [Describe the problem solved byTffis inv^ti^;] = 

sso^t.^^di^irr^ijsst^iiss^etia^n^^^ 

•lmowasOTRAP3-IS th,rW™Jr^j^rr^^^^™"™'P"''°^'- This invention identifies a protein 
transndssion.andisths^nseMfbra'^Sferan^rfSSS.IT^^ 
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glycosysbdoa- re.eva^.0 *.n.od.la«o.of a-^^T^/^^^r^pS^"""^ 



4. DetaOed Description of the invention: 

foUowing as necessa^ discipline could reproduce the invention. Include the 

lidata; pertaining to the invaition; 

2- ^wings-anphotographs iUustrating the invention- — 

3- structural formulae if a chemicaar" 

4- procedural steps if a process — 

5- a description of any prototype or working model; 

Jn general, a manuscript that has been prepared for submission to a journal will satisfy this requirement 
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glycosyS^y O?^^!^/'"'^'!^" Regulation of the 

surface extra ceUular matrix proteins (tumor growth). neurodegeaeration, AIDS, Cancer). 
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INT3RODtJCnON and Ruggeiio-GTRAPa-ia 

The Na*-depaident gjutamate transporter sub-family rapidly reduces glutamate levels around the synaotic cleft 

rTTr P^"^"^^ ""^r ^''"^ ^ amino acid S,orte^ 

(EAAT^^Two of the five gene products are expressed in astrocytes and gUal supportive cells m the CMq^rr t 
1/EAAT2 ^d GL^T/EAATl. Tlieir predominant functions have posSSo t^ 

transporter EAAT4is found m Purfcmje cells of the cerebeUum, and EAAT5 is restricted to the relina. The 
general neuronal transporter is BAAC1/EAAT3, the predominant high affinity Na^dependent SSe 
S;,rl^S.r:fr^eZ^' ™«transporterisfoundindiverseneuronalpopulations.i?cluding|^ 

We have described the identification and initial characterization of GTRAP3-18 CGlutamate Tra«c««rf«. 
^ociated^otemofEAAT3)a221cD protein isolated from 

ITSl ^''^"^ of rEAAT3/EAACl. Our initial pubUc^n pt^sStL evide^e ^1 

GmAP3-18 has a physiologic effect on rEAAT3 activity and decreases its afiBnity for the substrate glutamate 
as detennined by kinetic analysis (Nature 410 (2001) 84). We continue to characterize this protein^dhere 
present evidence that ttie mechanism of this effect on transporter activity is linked to afte^tSnrL Se 
glycosykhon state of the transporter. The EAAT family contain conserved N-linked glycosylationTons^nsu^ 
sequences and are processed in the golgi to have complex N-linked oUgosaccharides on the mature EAAT 
protein. This complex oligosaccharide may be cleaved in-vitro through digestion with-an endoglycosidase 
_endogIycosidae F ^NGase F). Incubation of rEAAT3, iEAAT4^AATl. aSd rEAATZ transfectedS 293 
^1 lysates wift PNGase F endogly^^^^ results in a decrease in the electro-mobiUty of these prcrtSy 10 
H^*^ that foUoMnng co-expression with GTRAP3-18. the EAAT family membe^ tested have a 
deceased elecfro-inobihty. Tins change is reproducible and creates a protein with the same ^parent molecular 
weight Ob amed foUowmj^e F digest. The electro-mobiUty of co-expressed transport^^^^ 
18 can not be decreased fur&er throug& PNGase F digestion. Co-expression of GTRAP3-18 with the EAAT 
ZSv. ^ ^ ^JP^uf^ decreases their activity as measured by sodium dependent ^^L-glutamate 
7™' ^U^"^^ electro-mobility, resulting fix>m the loss of N-Unked oligosacci^des. is 

^^nH -^kT'?"? » f tivity. The amino acid sequence used m our yeast-t^o-hybrid screen 

r^^pTts ^ t^^'i^T^f—'' of EAAT. We are defining the required binding sequence for 
GTRAP3.18 ^th the EAAT family members within this conserved domain. From hnmunofluorSce^ce and co- 
if PA AT ^ fl?^^ GTRAP3.18 is a reticular protein that is interacting with the extracellular loop 
of the EAAT as ffiey are nascent chams m the endoplasmic reticulum. GTRAP3-18 appears to alter the"' 
g lycosy ahon profile of the EAAT through this endoplasmic reticulum association. GTEIAP3.18 is a 
glycosylation regulatory protein. — la i» a 



METHODS " 

Antibodies. 

"^^J^ ct" ^"^^^^ corresponding to the C-terminal region of EAACl, GLT-1. EAAT4, and N-tenninal region 
. ^^J^^ ^^^^^ antisera and has been-characterized previously [Neuron 13, 713-7251. The 
rd)bit polyclonal anti-GTRAPS-lS antibodies were raised against peptide sequences ftom the N and C terminus 
^JrJ^.^ sequence. The antiserum for each was affinity purified on a coknnn prepared by coiroling the 

^c^S^^!f£? ^SfS *° "^"^^^ (Bio-Ra(0 (Elarlow and Lane, 1988).. Anti-HA monoclonal anhloify 
was obtamed fi»m BAbCo. 

Subcloning of EAACl/rEAAT3 and GTRAP3-18, and transfection of HEK-293T ceDs 
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The eukaryotic expression vectors pcDNA3 and pRK5 were used for expression ofl^ATtnthTi^^I^y^^ 
cell line HEK 293T. Full length EAACl cDNA was subcloned into Nofl^E^M sites J^p^N^^^^^^ 
the Notl frame of myc-PRKS to create rEAATS-myc fixsion. GmApi-18 was cloned'^S^W ^S'^^'^ 
sequence tag mto PRK5 ^g S^ot sites. The EAAT4 cDNA was subcloned into pcDNAsT/Hy^^ 
C&ivitrogen) using the EcoR I lestnction site. HEK 293T cells were transfected using the FuGene (BoeSer 
Mannheun)transfection reagent as directed by the manufacturer. ruvjene ^uoetmnger 

Measurement of Na+-dependent glutamate transport activity. 

""^^ transfected with pcDNA3.1 or PRK5 were grown in a monolayer on 6-weU 
plates m supplemented witii IQo/o fetal bovine serum and L-glutamine. ^says were conducted 48 hou« 
B&tr transfection usmg ^e previously described method [J. Neurosci 18, 2475-2485]. Samples were performed 
in taphcate with a Na Krebs buffer control for each using 10 vM cold glutamate and 2 jiCi glutamate was 
added unless noted. The obtamed values, in CPM or DPM, from the samples were subtracted from the amount 
of background uptake ^measured m the-Na*Krebs buffer controls and normalized forthe level of total protein 
m the well, as measured by the Bradford Proton Assay (Pierce). 

Surface Labeling through Membrane Impermeant Biotinylation 

?aSS^?'^*^° performed as described with some modifications as in Duan et al [J. Neurosci 19 10193- 
10200]. The aliquots of whole cell, intracellular supernatant, and manbrane fractions were prep'ared for 
Western, analysis. SODl or actin was used to control for total protem and to determine whether the 
biotmylation reagent labels prote in the intracellular compartment Visualized bands were analyzed using 
VersaDoc software (Bia=Rad). — <^j^ usiu^ 

En^fmatic De-GIycosylation — - 

Endo H and PNGase were purchased from NEB. Cell lysates following biotinylation were digested at ST'C for 
InT^ f ! x?!4^f^f ™ ^^^^^ ^ Lysis buffer consisted oftOO mM Tris 

^ In' i jf^^^' ^ ^^^^ "^"^^^^ SDS and protease inhibitor cocktail (Roche) with 

NP^ added to 1% precedmg PNGase digestion. Non-digested samples were included in the incubation as a 
control. The biotmylation assay was then completed as described. 

Statistics. Statistical differences were determined by Student's t test for two-group comparisons. 
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Figure 1. The EAAT (excitatory amino acid transporter) family has a conservation of structure and 
sequence between the cloned isoforms. Comparison of their carboxy termini reveals divergence following 
the final transmembrane domain 

a) Topology model of rEAAT3 based on solvent accessible amino acid residue studies on EAATl published by 
Seal et al in Neuron Vol 25. Reentrant loop domains are shown in blue. 



b) Amino acid alignment of C-tenniSarsequence of EAATs (Excitatory Amino Acid Transporters) and ASCT 
(Adenine Serine Cysteine Transporter) isofoims. ASCT is the closest related protein family to the EAAT. This 
alignment highlights the conservation of sequence through the final reentrant (RL3) and extracellular loops and 
final trausmanbrane domain (TM8) and the divergence following through the cytoplasmic region. This amino 
acid sequence for rEAAT3 was used as bait for the yeast-two-hybiid screen that lead to tiie cloning of 
GTRAP3-18. Preliminary results implicate that the the final extracellular loop may be the interaction site for 
GTRAP3-18 and the EAAT within the Endoplasmic Reticulum. — 
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Figure 2. Co-expression of the interacting protein, GTRAP3-18 
with the neuronal transporters rEAAT3, rEAAT4, or the 
a^ocytic transporters rEAATl, rEAAT2 leads to a decrease in 
Na-Kdependent 

KSHJ-glutamate uptake in HEK 293T cells, 
a & b) Co-transfection of rEAATB/EAACl and GTRAP3-18 in HEK 
293T cells at equal transfection ratio reduces EAACl Na+-dependent . 
L-[3H]-glutamate uptake glutamate uptake by approximately 20%, 
following background correction for the cell Kne. -The decrease in 
transport can be brought to a high^ per cent of control EAACl 
expression by increasing the transfection ratios of EAACl to 
GIIIAPS-IS cDNA. Co-transfection of rEAAT4 and GTRAPS-IS had 
-a similar effect on transport 

c^ d) Expansion of our analysis to the glial transporters rEAATl and 
rEAAT2 also showed a significant decrease in Na-K-dependent L-[3H]- 
glutamate uptake glutamate uptake following transfection in HEK 
293T cells.. These transporters have a higher basal uptake activity and 
were measured at 40 \sM total glutamate. Data are the mean ± SEM of 
at least four independent observations and were compared by"sludents t 
test, (** p < 0.005), error bars are shown. 
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Rothstein and Ruggerfo- GTRAP3-18 



Figure 3, Co-expression of GTRAP3-18 with rEAAT3/EAAC1 
causes a shift in the electro-mobility of rEAAT3 and the other 
rEAATs. 

There 4s a noticeable change in the expression pattern _qLEAAC1 
following GTRAP3-18 co-expression, seen as a 10 "RD decrease in the 
appareoLTTrolecular following co-expression. We used surface protein 
labeling to determine if this change in the electro-mobility pattern would 
also affect the cellular^distribution of the transporter between the 
membrane surface and the intracellular trafficking compartment. Biotin 
was used to label the surface proteins on the HEK 293T^cells and the 
cell lysates were purified with an avidin conjugated Sepharose column. 
Three lanes are shown; whole cells, the intracellular portion, and labeled 
membrane proteins. rEAAT3 is predominantly seen in whole cell and 
membrane preparations; multiplebands represent dimerization states of 
the transporter. The final three gels are control for HA-GTRAP3-18 
expression. 
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Figure 4. The shift in rEAAT3/EAACT electro-mobiUty foUowing co-expression with GTRAP3-18 can be 
mimicked by digestioirmth PNGase F. This result is reproducible for rEAATl-4. See next column-for 
description. 
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Pigure 4A The data presented in Figure 3 lead us to the idea that GTRAP3-18 may be altering the glycosylation 
state of rEAAT3 throughout the ceU. This may be the mechanism for the physiological change in activity of the 
fransporters following co-expression seen in Figure 2. To examine this idea, HEK 293T cells were transfected 
either with EAACl or EAACl and GTRAP3-18. The cells were harvested after 48 hours and labeled with 
biotin. The cell lysates were prepared as dupUcate samples and incubated for 12 hours with or without the 
addition of the de-giycosylating enzymes PNGase F and/or Endo H. The supernatant was incubated with 
mmiobilized monomelic avidin beads to isolate biotin labeled proteins. Western blots were incubated with C- 
EAACl polyclonal and actin monoclonal antibodies as a marker for intracellular contamination of the 
membrane fraction. Expression of GTEIAP3-18 was visuaUzed with HA monoclonal antibody. Comparison of 
the effect of digestion with PNGase F and Endo H to the effect of GTRAP3-18 co-expression with EAACl 
indicates that the residt is the same reproducible shift in Western immunoreactivity. Digestion of co-expressed 
lysates- did not induce any further change in the apparent molecular weight of EAACl. This data impUcates 
GTRAP3-18 as a modulator of EAACl glycosylation^ This ejcperiment was repeated for the other EAAT with 
the same result (data not shown). 

Figure 4B) Transporter N-linked oligosaccharides are processed to. completion in the golgi to form complex 
oligosaccharides. Therefore, they cannot be cleaved with the high mannose specific endoglycosidase H. The 
molecular weight of PNGase F cleavedTfansporter is the same as GTRAP3-18 co-expressed transporter. 
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Rothstein and Ruggerio- GTRAP3-18 



Figure 5. Localizatioa of EAACl and GTRAP3-18 in HEK293 cells EAACl may be seen both within the 
ceU and expressed as puncta on the membrane surface when labeled by monoclonal myc and anti-mouse Texas 
Red (Vector). GTRAP3-18 appears as a reticular network throughout the cell and only co-localizes with 
EAACl that is not on the formed into puncta on the cell surface. HA-GTRAP3-18 was labeled by polyclonal 
HA (BAbCo) and anti-rabbit FTTC (Vector). Immunofluorescence photos were taken as a stacked Z-series 
using a Zeiss LSM S 10 confocal. 



CONCLUSIONS 

•GTRAP3-18 acts to modulate glycosylation of glutamate" transporter 
proteins 

•GTRAP3-18 is an interacting protein of tlie EAAT family discovered by 
a yeast-two-lnybrid screen, 

•GTRAP3-18 is able to substantially reduce the activity of co-expressed 
rEAAia rEAAT4, and rEAATl , rEAAT2 {rEAATs) . _ 
•GTRAP3-18 alters the apparent molecular weight of rEAATs following 
co-expression in HEK 293 cells. Thii. decrease in electro-mobility is the 
replicaTed through cleavage of N-linked oligosaccorides using 
PNGase F. 

*GTRAP3-18~abDears to be a reticular orotein that interacts with 
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All publicahons, patents and patent applications disclosed herein are incorporated Into this application by 

reference in their entirety. 

GTRAP 3-18 is disclosed in the PCT: WO 01730968. 

For example: "Sambrook et al, Molecular a onino. A Laboratory Manual (volumes l-lll) 1989 Cold Spring 
Harbor Laboratory Press, USA" and "Harlowe and Lane. Antibodies a Laboratory Manual 1988 and 1998 
Cold Spnng Harbor Laboratory Press. USA" provide sections describing methodology for antibody 
generation and purification, diagnostic plalfomis, cloning procedures, eta that may be used in the 
practice of the instant invention. 

The fdlowing clam(s) of this provisional appfication are not to be construed as limiting the disclosed 
invention(s). The clam(s) are included for compliance with patent application stnjctural regulations that 
may be imposed by intemational patent offices. 

We claim: 

comprising"^^^ ^ Wentifying candidate compounds that modulate cellular glycosylation 

introduction of a test compound to GTRAP3-18 
assaying for binding of the test compound to GTRAP3-18 
wherein binding of the test compound is correlated to its ability to modulate cellular 
glycosylation. , 



